ABSTRACT-Xanthine derivatives, pentoxifylline, aminophylline, theophylline and chinoin-170, increased phosphatidylcholine secretion in a primary culture of rat type II pneumocytes. However, these xanthines alone had no effect on intracellular cAMP levels in type II pneumocytes. In contrast, terbutaline-induced secretion of phosphatidylcholine was augmented by these xanthines, and the augmentation depended on the increase of cAMP levels. These results suggest that the xanthines induce phosphatidylcholine secretion possibly through cAMP-dependent and cAMP-independent pathways in the primary culture of rat type II pneumocytes.
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Lung surfactant, the phospholipid-rich material lining the alveolar surface, is synthesized and stored in type II pneumocytes and secreted by exocytosis (1-3). Secretion of surfactant phospholipids has been shown to be influenced by a variety of physiological and pharmacological agents (1, 3) . ~-Adrenergic agonists and forskolin increase intracellular cAMP, activate cAMP-dependent kinases and then stimulate pulmonary surfactant secretion. Xanthine derivatives such as theophylline inhibit cAMP phosphodiesterase and increase intracellular cAMP level. It seems likely that xanthine derivatives induce surfactant secretion through the increase of cAMP. One finding showed that isobutylmethylxanthine, a phosphodiesterase inhibitor, and 8-bromo cAMP, but not 8-bromo cGMP, stimulated pulmonary surfactant secretion (4). However, they did not examine the relationship between stimulation of surfactant secretion by xanthine derivatives and the increase of cAMP level.
In the present study, to determine whether xanthine derivatives can induce surfactant secretion through an increase of cAMP level, we examined the effects of several xanthine derivatives on secretion of phosphatidylcholine, a major lipid component in lung surfactant, in primary cultures of rat type II pneumocytes.
Type II pneumocytes were isolated from the lungs of adult specific-pathogen-free male Wistar rats (180 -200 g) according to the method of Dobbs et al. (5) . This method routinely yielded 10' cells per rat. The cells were suspended at 106 cells/ml in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum, 74 kBq/ml [methyl-3H]choline (specific activity, 3.0 TBq/mmol), 100 units/ml penicillin and 100 pg/ml streptomycin; plated on 24-well tissue culture plate (Falcon 3047); and then cultured at 37V in 5% C02-air for 18 hr. Non-adherent cells were removed from the wells by washing before the assay. The purity of the type II pneumocytes monolayer was 95 --±:3 %. For cellular identification, the sample was stained with a tannic acid and polychrome stain and alkaline phosphatase stain. The viability of type II pneumocytes was 98±2% as judged by the trypan blue exclusion test.
Secretion of phosphatidylcholine by cultured type II pneumocytes was determined as follows: The cells were rinsed with fresh serum-and antibiotics-free medium to remove [3H]choline and unattached cells; the test agents were added after 30 min and the incubation was continued for 90 min. At the end of the incubation period, the medium was aspirated off, the cells were lysed with 2 ml ice-cold 0.05% Triton X-100 solution and lipids were extracted from both cells and medium with chloroform and methanol (2 : 1, v/v). Phosphatidylcholine was separated from the other phospholipids by thin-layer chromatography (6), and its radioactivity was measured with a liquid scintillation counter after the addition of 5 ml Aquasol II to each sample. Secretion was expressed as the amount of [3H]phosphatidylcholine in the medium after the 90-min incubation, as a percentage of that in cells plus medium.
For cAMP measurement, the medium was aspirated at various times after the addition of test agents and the cells extracted with 0.1 N HC1. The extracts were immediately frozen, lyophilized and stored at -701C. The sample was reconstituted and acetylated, and the cAMP content was determined as described by the radioimmunoassay kit manufacturer.
To assess cellular integrity, the activity of lactate dehydrogenase (LDH) in the cells and medium was measured with an LDH kit-s (Nippon Shoji Co., Ltd., Osaka). The LDH activity released into the medium did not exceed 1°16 of the total cell content in all experiments.
Statistical analyses were perfomed by means of Duncan's multiple-range test.
The rats were purchased from Kyudo Farm (Fukuoka), tissue culture medium from Nissui Pharmaceutical Co., Ltd. Co., Ltd. (Osaka), and the other reagents and biochemicals were from Sigma Chemicals Co. (St. Louis, MO, USA). All xanthine derivatives, except for theophylline in dimethyl sulfoxide, were dissolved in distilled water at 100 mM and diluted to each concentration, and then 10 pl of each xanthine was added into 1 ml of culture media in each well. In preliminary experiments, 1 QIo dimethyl sulfoxide did not differ from distilled water in phosphatidylcholine secretion (data not shown). Therefore, in the following experiments, we used distilled water in a control group.
First, to determine whether xanthine derivatives can induce phosphatidylcholine secretion, we examined the effects of pentoxifylline, aminophylline, theophylline, and a novel xanthine derivative, chinoin-170 (7), at the effective doses of xanthine derivatives as previously reported. Those effective doses in smooth muscle relaxation were 10-3 to 10-4 M (8). We used this relatively high concentration of xanthine derivatives. All xanthine derivatives used here increased phosphatidylcholine secretion (Table 1 ). The increased secretions were augmented in combination with terbutaline (10-6 M), a X32-adrenergic receptor agonist (Table 1) . Next, to see the relationship between the phosphatidylcholine secretion and intracellular cAMP levels, we measured the amount of intracellular cAMP in type II pneumocytes. Terbutaline increased the cAMP level within 5 min after its addition (Fig. 1) . Xanthine derivatives alone did not affect the cAMP levels even at the dose in which the secretion of phosphatidylcholine was increased. However, xanthine derivatives in combination with terbutaline (10-6 M) increased cAMP levels more than terbutaline alone did (Fig. 1) .
We have shown that all xanthine derivatives used here induced phosphatidylcholine secretion. However, xanthine derivatives alone had no effect on the cAMP levels. It seems that there is no correlation between phosphatidylcholine secretion and the cAMP levels. This result is consistent with the finding in tracheal muscle relaxation.
There was a positive correlation between the EC50 of xanthine derivatives for tracheal muscle relaxation and the IC50 for phosphodiesterase inhibition, but there was no obvious correlation with the increase in intracellular cAMP in tracheal muscle (8) .
On the other hand, the data for the combination of xanthine derivatives with terbutaline indicated that there was some positive relationship between phosphatidylcholine secretion increased by xanthine derivatives and the cAMP levels. Our interpretation for the discrepancies is that xanthine derivatives have two mechanisms to induce phosphatidylcholine secretion, cAMP-independent and cAMP-dependent mechanisms. Xanthine derivatives possess various effects in addition to phosphodiesterase inhibition, such as inhibition of intracellular calcium mobilization and adenosine receptor blocking (9) . Of the xanthine derivatives used here, pentoxifylline may have the highest activity of phosphatidylcholine secretion (Table  1) . Pentoxifylline has been demonstrated to inhibit neutrophil activation. The possible mechanism for this inhibitory effect is that pentoxifylline can affect both the cytoskeletal architecture of unstimulated neutrophils and the activation and responses of neutrophils that involve actin polymerization and receptor-cytoskeletal interactions (10) . The effect of xanthines on phosphatidylcholine secretion through a cAMP-independent pathway may be related to changes in cytoskeletal architecture of type II pneumocytes, because cytoskeletal change can induce phosphatidylcholine secretion in type II pneumocytes (3).
We used relatively high concentrations of xanthine derivatives to induce phosphatidylcholine secretion in type II pneumocytes. One reasonable explanation for this high dose is presumably that adenyl cyclase activity in isolated type II pneumocytes may be very low without any stimulants. In turn, in whole animals, xanthine derivatives may induce phosphatidylcholine secretion at the lower concentration because phosphatidylcholine secretion as well as adenyl cyclase in type II pneumocytes is constitutively activated by adrenergic nerves.
In conclusion, our study suggests that xanthine derivatives induce phosphatidylcholine secretion possibly through cAMP-dependent and cAMP-independent pathways in the primary culture of rat type II pneumocytes.
